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PROGRAMPURPOSES
[,v. /0
• New product optimization
• Existing seals on newapplication
• Existing seals on off-duty conditions
• Trouble-shooting
PROGRAMFUNCTIONS
• Take into account the combined effects of pressure, temperature, speed,
fluid sealed, materials and seal geometry on seal distortion, temperature
distribution, operating film thickness, friction and leakage
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DIFFERENTCODESFOR
DIFFERENTAPPLICATIONS
• Steady-state
• Liquids or gas
• Conventional flat face
[] Active lift grooves
• Transient
• Liquids or gas
• Conventional flat face
• Active lift grooves
MAJORISSUESINVOLVED
• Interface forces
- Wet seal
- Gas seal
• Friction / Heat generation
• Heat transfer / Axisymmetric temperature distribution
• Axisymmetric pressure I Thermal distortion
• Leakage
210
INTERFACEFORCES
• Forceequilibrium
- Closing force = Opening force
• Hydrostatic pressure
- Single liquid phase/Gas film
- Two phase liquid/vapor
• Hydrodynamicpressure
- Liquid phase
- Periodic groove gas film
• Contact pressure
FRICTION/ HEATGENERATION
• Viscous shearing
- Fluid shear in direction of sliding
- Isoviscous through film thickness
• Asperity sliding
- Contact pressure
- Boundary friction
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HEATTRANSFERI
TEMPERATUREDISTRIBUTION
• Heat source at interface only
• Heat normally dissipated through seal components to
the product
• Thermal resistance
- Fluid film negligible
- Seal components (conduction)
- Product boundary heat transfer coefficient (convection)
• Axisymmetric temperature distribution
AXlSYMMETRICPRESSUREI
THERMALDISTORTION
• Pressure distortion
- Face distortion (toroidal, bending, local compression)
• Thermal distortion
- Face distortion (toroidal, local expansion)
- Radial expansion
• Centrifugaldistortion
- Distortion and stress significant at high speeds
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LEAKAGE
• Based on Poisseuilleflow
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PROGRAMINTERFACE
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PROGRAMMODULES
• CSTEDY
- Conventional face (no face grooves I hydropads)
- Liquid, vapor and 2-phase films
- Single and multi.component fluid database
- 2D generic face grooves (e.g. spiral grooves)
- Gas film
• CTRANS
- Transient loading and speed
- Uquid or gas films
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SOLUTIONOUTPUT
• Temperatures
II Distortions
• Film thickness
• Leakage
• Heat generation
• Interface pressures
• Stresses
A CSTEDYEXAMPLE
Ro = 2.033 in
Ri = 1.846 in
_=41_in
f= 0.10
Po = 500 psia
-_p68 OF
ropane
I GraphiteCarbon
3600 rpm F_]
Pi = 14.7 psia
68 °F
Atmosphere
Silicon Carbide
Stationary
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AUTOMESH
DISTORTION,LEAKAGEAND
TEMPERATURECONTOUR
Thermal Taper: + 101.6 i_Radians
Pressure Taper: - 108.8 i_Radians
Total Radial Taper: - 7.2 I_Radians
68 106 144 182 219
3.56 g/hr
257 295 333(°F)
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FILMTHICKNESSDISTRIBUTION
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INTERFACEPRESSURE
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STRESSCONTOUR(P.R.)
Hoop Stress
-4.2 -3.7 -3.2 -2.7 -2.3 -1.8 -1.3 -0.8 (kpsi)
STRESSCONTOUR(M.R.)
Hoop Stress
-1.3 1.9 5.2 8.5 11.8 15.t t8.4 21.7 (kpsi)
218
